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Custodial Symmetry: 
The SM Higgs  



Custodial Symmetry: SU(2)V



Violations of Custodial Symmetry



Custodial Symmetry
is an important part

of any theory of EWSB!

SU(2)V



LEP/SLD Data

δgLb
δgRb

gV,A = gL ± gR

LEP/SLD Final, Phys. Rep. 427 (2006) 257

Data strongly disfavors
large positive δgLb

(-2.8% gLb deviation shown)



LEP/SLD Final, Phys. Rep. 427 (2006) 257

C. Amsler et. al. (PDG), Phys. Lett. B 667 (2008) 1
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Can Custodial Symmetry be 
enhanced  in a BSM top-mass 

sector?

Δρ

δgLb
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A Custodial Symmetry for Zbb
• SU(2)LxSU(2)RxPLR→SU(2)VxPLR symmetry

• (tL,bL)∈(2,2) - add new fermions

• tR∈(1,1) [or (1,3)+(3,1)]

• Z-coupling: T3L-Qsin2θ

• Q unrenormalized (δT3L≠0 in SM)

• δT3V=δT3L+δT3R=0, due to SU(2)V

• δT3L=δT3R due to PLR

• hence δT3L=0 !

Agashe, et. al. PLB 641 (2006) 62

_



A Simple Realization:
The Doublet-Extended Standard Model
• Global Symmetries: 

• Gauge Symmetries:

• Fermions: 

RSC, Simmons, Di Chiara, Foadi, PRD 80 (2009) 095001

SU(2)L × SU(2)R × PLR × U(1)X

→ SU(2)V × PLR × U(1)X

QL =
�

t�L ΩL

bL T �
L

�
=

�
qL ΨL

�
& tR , ΩR , T �

R

Y = T3R + QX

Q = T3L + T3R + QX

SU(2)L × U(1)Y → U(1)Q



New Symmetries

QL =
�

t�L ΩL

bL T �
L

�
→ LQLR†

SU(2)R
SU(2)L

PLRQL = − [(iσ2)QL (iσ2)]
T =

�
T �

L −ΩL

−bL t�L

�

Higgs:

Φ =
1√
2

�
v + h + iφ0 i

√
2 φ+

i
√

2 φ− v + h− iφ0

�

→ −[(iσ2)Φ(iσ2)]T



Fermion Charges

• t’L & T’L have charge of top-quark (will mix)

• ΩL exotic (unstable) quark with charge +5/3

• ΨL,R vectorial under weak interactions
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Lagrangian

• SU(2)LxSU(2)RxPLR exact at dimension 4 in top-
quark mass-generating sector

• Softly broken by Ψ mass to gauged SU(2)LxU(1)Y

• Explicitly broken by (small) gauge-interactions

• Ordinary Higgs Lagrangian

• mb=0, mΩ=M 

Lfermion = TrQ̄Li /DQL + Ψ̄i /DΨ + t̄�Ri /Dt�R
−λr

�
TrQ̄L · Φ

�
t�r −MΨ̄LΨR + h.c.



Top Mass Eigenstates

• μ→∞, SM limit

• μ→0, custodial limit (NB: λt large for fixed mt)
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Constraints on 
the DESM



Zbb in DESM
_

“Gaugeless Limit”

Favors small μ

πZ

b
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φ−

ti

t̄j

Negative contribution
for small μ:

Custodial symmetry 
restoration!
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αS in DESM
αS = 16πα

�
d

dq
Π33 (0)− d

dq
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(μ > few slightly favored) 



αT in DESM
αT =

�
ΠWW (0)

M2
W

− ΠZZ(0)
M2

Z

�
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Large μ strongly favored!

mT>3.4 TeV @ 95% CL

Negative contribution
for small μ:

Custodial symmetry 
restoration!



Experiment strongly
favors custodial

symmetry breaking
no smaller than that due

to top-quark in SM!

“Broken Symmetry”, Wilson



Conclusions and 
Questions

• Little room for enhanced custodial symmetry

• Potential, however, to use enhanced custodial 
symmetry in “heavy” sector of theory, to 
control extra contributions to αT

• Can we implement this in a dynamical model?

• Embed SU(2)R in ETC?

• What about flavor mixing?


